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ABSTRACT: One of several key elementsof the Project Integration Architecture (PIA) is the intention to formulate
parameterobjectswhich convey meaningfulsemanticinformation. In sodoing, it is expectedthat a level of automation
canbeachievedin theconsumptionof informationcontentbyPIA-consumingclientsoutsidetheprogrammaticboundary
of a presentingPIA-wrappedapplication.Thispaperdiscussesthestepsthathavebeenrecentlytakenin formulatingsuch
semantically-meaningfulparameters.

1 Introduction

The analysisof the whole of an engineeringsystemfre-
quently involves a numberof cooperatinganalyses,each
focusingon a particulardisciplineof analysisrelevant to
the whole. Eachof theseanalyses,in turn, dealswith a
numberof parameterscharacterizingtheparticularsof the
analysis. Traditionally, the meaningof theseparameters
is ‘understood’only within the applicationcodein which
they arefound. This understandingis in the form of pro-
gramstatementswhichconsumeeachparticularparameter
asan input to a computation,or generatetheparameteras
a resultof acomputation.

To anotheranalysis,sucha parameteris only a number
without meaning,at leastuntil suchtime asa userof that
otheranalysissuppliesthe parameterasan input in some
particularspot.By sodoing,semanticmeaningis attached
to thenumber, but thatunderstandingis, again, by thena-
tureof thecodingin which theinput is used.Theconsum-
ing analysisis notableto look at thenumberansay“Ah, a
viscosity. Justwhat I need.”, but is insteadtold “Here is a
number. Useit astheviscositynumberin theprogram.”

Thenatureof thistraditionalmethodfor establishingthese-
manticmeaningof aparameterresultsin thepersistentneed
for something(usuallyaperson)to arrangethings.It is this
needthat so often hampersthe arrangementof cooperat-
ing analysiscodesinto,well, cooperatinganalysiscodes.It
is oftenthecasethatthecooperationis betweenthepeople
tendingthecodesratherthanbetweentheapplicationcodes
themselves. Not infrequentlythis cooperationdevolvesto
themostcumbersome,errorprone,manualformsimagine-
able.

Of course,many worthy attemptshave beenmadeto treat
the topic of codecooperation,usuallythroughthevehicle
of awell-knownfile formattobeacceptedandsupportedby
all of thecodesof a cooperatingsuite.In suchapproaches,
the semanticmeaningof a parameteris establishedby its
locationwithin thefile structure.For instance,in a simple
file structure,it might bedeclaredthat the sixteenthnum-
ber in the file is alwaysthe exit total pressureof the flow
fielddescribedby thefile, whateverthatflow fieldmightbe.
Sucha solutionto theproblemis, of course,entirelyvalid,
but for mechanicalreasonsthe approachhasnot achieved
widespreadacceptance.

In dealingwith this area,theProjectIntegrationArchitec-
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ture (PIA) [1] takes a different approachby capitalizing
upontheobjecttechnologywith which it is implemented.
Objectsare, to begin with the abstract,programmingen-
tities that have functionality and state. That is, objects
havedataandthey will do thingsto andbasedon thatdata.
Objects,further, areof distinctkindswhich canbedistin-
guishedasaprogrammingact.

Giventhisfirst basisof objecttechnology, it is thenanatu-
ral extensionto considerobjectkindsasbeingor represent-
ing particularthings;thiskind of objectis aprintingdevice
while that kind of object is a bankaccount.By this sim-
ple step,semanticmeaningis now attachedto the object
baseduponits distinguishablekind. Objectsof this partic-
ular kind areunderstoodasbankaccountsandthenumber
they yield up is, obviously, the currentbalancein the ac-
count.

It is preciselythis capacityof objectswhich PIA usesto
establishthe semanticnatureof parameters.An objectof
this particularkind is understoodto bea gastotal pressure
and,thus,thenumberit provideswhenrequestedis not just
a number, but a gas total pressurenumber. By this for-
mulation,PIA establishesthesemanticnatureof any given
numbernotby its positionin afile or astructureor aninput
stream,but by the kind of object in which the numberis
presented.Thus,a totalpressureis a totalpressurewithout
regardto whereit is found.

2 Substantive Details

2.1 Basic Parametric Object

As indicatedin theintroductionabove,PIA establishesthe
semanticnatureof parametersby meansof theobjectkind
in whichany givenparameteris presented.Thischoice,far
from beinga lightning stroke of technologicalinnovation,
is nearlydictatedby thenatureof theobject-orientedtech-
nology within which PIA is beingimplemented.It flows
naturallyfrom theconceptof anobjectkind andfrom the
mechanismswhich allow objectkinds to bedistinguishin
thecourseof programoperation.

PIA usesthe further conceptof object inheritancein this
semanticuse.In many object-orientedtechnologysystems
(includingthoseusedto implementPIA), objectkinds(or,
morecorrectly in C++ terminology, the classesof which
theobjectsareinstances)maybederivedfrom other, base
objectkindsand,in sodoing,inherit thecharacteristicsof
the basekind. (In someobject-orientedtechnologies,ob-
ject classesmaybe derived from morethanoneclass,in-

heritingthecharacteristicsof all thebaseclasses;however,
thePIA project,asa choice,hasadheredto a strict single-
inheritancedesign.) This derivation and inheritancemay
proceedon layerby layer, deriving kind from kind, to any
practicaldepth.

Usingtheseobjectconcepts,PIA first declaresthatthereis
anobjectkind that is, simply, a parameter. At this level, a
parameteris consideredto besomeasyet unspecifieden-
tity definingin partthestateof anapplication.Thecombi-
nationof thecompletesetof parametersof anapplication
definesauniquestatefor thatapplication.

The parameterobject, as mentionedabove, doesnot yet
specifywhatits contentis. Nevertheless,a numberof use-
ful characteristicscommonto all parametersaredefinedat
this level. Amongotherthings,a parametermaybenoted
to be eitheran input or an outputof the analysis(or both
if appropriate,andpossiblyneither),andit mayparticipate
in a parametricdependency graphin whichchangesin one
parametermay necessitatechangesin one or more other
parameters.

Anothersmallcontribution at this level is theimplementa-
tionof changehistorymechansisms.While theexactnature
of a parameter’s contentis still completelyundefined,it is
presumedthatits statecanberepresentedasa text. Mech-
anismsareprovidedto capture,date,andrecordsuchatext
as representingthe prior stateof a parameterat the time
of somesignificantchange. Thus, all parameterobjects,
of whatever type,have availablea mechanismfor tracking
theirhistorythroughtheengineeringprocess.

2.2 Structural, Atomic Forms

With the parameterobjectkind asa basis,PIA thenpro-
ceedsto specializethatkind by declaringderivativesto rep-
resentscalar, vector, andmatrix parameters.At this level
thequestionasto just what is arrangedinto scalar, vector,
or matrix form is still open,but thestructuralarrangement
of informationwithin theparameteris now clear. Function-
ality is providedby eachobjecttypeto facilitateaccessto
datawithin its structuralform.

Another structuralform is derived from the foundational
parameterlevel: theorganizationalparameter. Thegeneral
outlook of the organizationalparameteris that it contains
no directly consumabledata(that is, it hasno pressures
or velocity vectorsor the like), but insteadcontainsinfor-
mationandstructurewhich organizeotherparametersinto
a whole. The advantageof the organizationalparameter
is two-fold: it avoidsa protocol-basedconstraintuponthe
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parametricidentificationsystemof the applicationarchi-
tecture(again,see[1]) andit addsaconsiderableprogram-
maticflexibility for parameterorganizationandnavigation
thatdoesnotexist in thestaticidentificationsystem.

Specializationof the scalar, vector, andmatrix parameter
formsproceedswith anotherlayerof derivationto provide
thevariousatomicdatatypescommonto engineeringanal-
ysis. Boolean,long (integer),double (floatingpoint), and
stringformsarederived(asappropriate)for thescalar, vec-
tor, andmatrix foundations.

2.3 Measurement Forms

The next derivational layer adds to double parametric
formsthevariousconceptsor metricsof measurement[2].
That is, first a form declaringthatdimensionalityexists is
defined,followedby objecttypesbaseduponthatform that
encapsulatethe conceptsof length, time, velocity, mass,
temperature,andthe like. A nondimensionalform explic-
itly declaringthattheencapsulatedparameterdoesnothave
a dimensionalcharacteristicis also definedas, paradoxi-
cally, aderivativeof thedimensionalform.

The dimensionalbaseform providesfunctionality to con-
vert the encapsulatedmeasurementbetweenvarioussys-
temsof measurement.Thederiveddimensionalformsneed
only addparticularsas to the dimensionalnatureof their
form. Thus, given, say, a force object, forcesare con-
verted betweenpounds,Newtons, and dynessimply by
chosingthecorrectaccessfunctions.In thecaseof thenon-
dimensionalform, theparticularsaddedarethatthereis no
actualdimensionalnatureto theform; however, by sodo-
ing, non-dimensionalparametersmaybefreely intermixed
with dimensionalformsin computations.

The conversionof measurementsystemsis considereda
helpful, if notentirelyrevolutionary, innovation.Codethat
acquiresinformationfrom suchparameterscanachieve in-
sensitivity to theactualmeasurementsystemof theparam-
eterby thesimpleactof requestinginformationin thede-
siredmeasurementsystem. Further, codemay be written
thatdoesnotexplicitly know whatsystemof measurement
it is working in by askingthehostobjectfor a codenum-
berspecifyingthemeasurementsystemandsupplyingthat
returnedcodeto otherparameterscontributing to thecom-
putation.

Proceedingbeyondthismeasurementsystemlayer, deriva-
tion of parameterforms movesto physical types. Things
suchasgasstaticandtotalpressures,enthalpies,Machand
Reynoldsnumbers,andthe like aredefined. Derivational

layeringis still presentto accomodatespecializationseven
of theseforms.For instance,Machnumbercanbespecial-
izedto formssuchasthefar-field Machnumber, the local
Machnumber, and,again, thelike.

2.4 Ancillary Information

The establishmentof semantictype by object kind de-
scribedabove is not alwayssufficient to establishthe use
(or non-use)of a particularparameter. For instance,in
thepresenseof multiple instancesof aparticularparameter
kind, somefurtherdiscriminatormaybeneededto identify
whichparameterof thesetis theappropriateone.Unfortu-
nately, suchselectionsareusuallyspecificto theneedsand
semanticsof thesituationandno singlemechanismcanbe
definedwhichprovidesauniversallyusefulapproach.

Onefactorthat is often importantin suchsituationsis the
physical location of the information encapsulatedby the
parameter. That is, wherein the geometricalspaceof the
engineeringsystemdoesthis parameterapply. For exam-
ple, the total pressureof the gas flow at the exit of a jet
enginefanassemblyis of particularinterestto a compres-
sor analysiswhile the total pressureof the flow at the fan
entranceis of little relevance.

To provide this sort of information,PIA providesa posi-
tional descriptionform asa part of its larger attachedde-
scriptive mechanism. Eachapplicationobject (of which
parameterobjectsare,themselves,a kind) canattachone
or moreof a wide setof descriptive formsat eachderiva-
tional level of theapplicationobjectkind. By makinguse
of thismechanismandattachingapositionaldescriptionto
aparameter, especiallywhenmany parametersof thesame
kind coexist, a mechanismof discriminationmay be pro-
vided.

The positionaldescriptionis, naturally, not the only type
of ancillary information that can,or could be, added. A
propulsionstationdescriptionhasbeendevised,aswell asa
deliberatelynebulusrelatedparametermechanism.Indeed,
the limits of invention are the only practical frontier for
suchmechanisms.

2.5 Contextural Information

A further opportunityto infer the semanticcontentof pa-
rametersexists in the arrangmentof applicationsinto di-
rectedgraphs(dicussedin [3]). By existing in an appli-
cation which is a predecessor, whetherimmediateor ex-
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tended,of a consumingapplication,a parameterassertsa
basicsemanticrelevanceto thatconsumingapplicaton.

As an exampleof suchcontextural semantics,considera
graphof applicationswhich analyzethe gasflow through
thevariouscomponentsof a jet engine.Presumably, such
a graphwould bearrangedmuchin themannerof theac-
tualflow: inlet connectedto fan,fanconnectedto compres-
sorandto fanduct,compressorconnectedto burnerandto
customerbleed,andsoon. In sucha graph,thecompres-
sorflow analysiswouldconsiderparametersin thefanflow
analysisto beof semanticrelevancebecauseof their exis-
tencein a predecessorapplication,while it wouldconsider
parametersof thesamekind existingin thecombustoranal-
ysisto beof little or norelevancebecauseof theirexistence
in asuccessorapplication.

Anotheraspectof suchcontextural inference(again, dis-
cussedin greaterdetailin [3]) is somesenseof ‘closeness’
within theapplicationgraph.Parametersthataremoreim-
mediateto a consumingapplicationwithin the metricsof
a directedgraphof cooperatingapplicationsmay well be
moremeaningfulin a semanticmannerthanthoseof like
kind existing at somegreaterremove. Continuingthe jet
engineflow example,parametersof the compressoranal-
ysis areprobablymoremeaningfulto the burneranalysis
thanareparametersof similarkind in thefananalysis.

3 Implementation Options

The implementationof semanticinformation discussed
above, in particularthe declarationthroughderivation of
kind, is clear and straightforward. The approachbuilds
upon object discriminationmechanismsthat are in place
andwell established.Unfortunately, theastutewill notice
(andprobablypointout),thatthesingle-inheritancedictum
adoptedby PIA hasintroducedacertainamountof duplica-
tion into theobjectkind implementation.In particular, once
the greatfoundationsof scalar, vector, and matrix forms
areset,commonconceptssuchassystemsof measurement
mustbereplicatedin eachfoundation.

The confluenceof separatebaseconceptsin singly inher-
ited derivationalsystemsis a point of difficulty. Whenone
conceptualsystemis to bewidespreadthroughoutasystem
of objectkinds,it is quiteeasyto encapsulatethatconcep-
tualsystemin abaseclassand,throughderivation,allow it
to beinheritedthroughoutall of thoseobjectkinds. When
two suchconceptualsystemsexist,but theirconsumingob-
jectkind setsarenot identical,nosucheasysolutionexists.

In this case,parametersmay be scalars,vectors,or ma-

triciesandthey mayor maynot bedimensionalin any one
of a numberof dimensionalforms(length,velocity, mass,
non-dimensional,etc.). The difficulty arisesin deciding
whichof theseconceptualsystemsshouldbefoundational.
Shouldscalars,vectors,andmatricieseachbe specialized
into variousdimensionalforms, or shouldthe plethoraof
dimensionalformseachbespecializedinto scalars,vectors,
andmatricies?

As discussedabove,theselectionmadeby PIA (for themo-
ment)is to make themorecomplex concept(thestructural
formsof scalar, vector, andmatrix)foundationalandtospe-
cialize themwith the lesscomplex andmoreeasilyrepli-
cateddimensionalconcept.This is not an uncommonap-
proachand,indeed,is alsousedherein specializingscalars,
vectors,andmatriciesinto scalars,vectors,andmatricies
of Booleans,longs, doubles, andstrings.Thefurtherspe-
cializationof objectkindsto systemsof measurementgains
someadditionaljustificationsinceit is applied,in fact,only
to scalars,vectors,andmatriciesof doubles sinceonly a
form capableof representinga continuumwasconsidered
appropriateto systemsof measurement.

Despiteall of this fine-soundinglanguage,thereis still the
smallpainthatalarmseachtimeonefindsoneselfreplicat-
ing thesameform of codeor objectoverandoverandover.
This is, to someextent,theantithesisof objectorientation.
Thingsworth doingshouldonly bedoneonceandshould
be inherited(andperhapsbenta little bit whennecessary)
throughthe mechanismof derivation. As a consequence,
considerablethoughthasbeengivenasto whatelsemight
havebeendone.

3.1 Multiple Inheritance

Someobject technologies,for instancethat of C++, pro-
vide for multiple inheritancein derivation. Onecouldde-
clareonesetof objectsthat arescalars,vectors,andma-
tricies andanothersetof objectsthat are lengths,veloci-
ties,masses,etc.,andthenderive a particularobjectbased
uponthevectorandlengthkinds,thusinheritingboththose
characteristics.

The difficulty with systemssuch as this is that ‘things’
can becomequite complicated,even when comparedto
the fascinatingcomplicationsof object-orientationitself.
In particular, the matterof objectkind discriminationbe-
comesrather difficult. Multiple-inheritancemeansthat,
now, thereare multiple answers(at a given level) to the
question“What kind of objectareyou?”

Beyond this, multiple-inheritanceconfusesthe issueasto
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which copy of commonelementsinheritedby themultiple
basesis ‘the’ copy. If vectorsandlengthssharesomecom-
monheritage,which copy is usedin anobjectthat is both
a vectoranda length? Multiple-inheritanceenvironments
doprovideanswersto suchquestions,but suchanswersare
usuallynoton theroadto clarity.

Finally, the governingfact is that the PIA projecthasse-
lecteda dictum of strict single inheritance. A multiple-
inheritancesolution would requirea completereworking
of thevery foundationsof thePIA implementation.

3.2 Merging the Concept of Dimensionality

Another alternative would be to merge the multi-faceted
conceptof dimensionalityinto a singleconstructandplace
it in the parameterfoundationfrom whenceit would be
inherited by scalars,vectors, and matricies. Thus, in-
steadof therebeinglengths,velocities,masses,et al, there
would only be dimensionalparameterswhosedimension-
ality would be a discoverablecharacteristic.Sucha con-
densedconceptof dimensionalitycould then becomea
characteristicof theparameterbaseclassandbe inherited
by scalars,vectorsandmatricieswithout the necessityof
replicatingthesestructuralformsfor every typeof dimen-
sionality.

Suchaconcepthasconsiderableappealandmaywell prove
in the light of futureexperienceto bea betterchoice.The
difficulty seenat this junctureis that, by makingdimen-
sionalitya characteristicof all parameters,it is effectively
removed from theobjectkind mechanism.It wasthought
that the ability to interrogatea parameterobjectandask,
for instance,“Are you a kind of velocity?” was a sub-
stantialcapacity, as is the ability to ask “Are you a kind
of vector?” Making dimensionalitya characteristicof pa-
rameterswouldhavenecessitatedtheinventionof asecond
mechanismpeculiarto parametersto answerthe question
“Are youakind of velocity?” Suchamaneuverwasjudged
evenmoreantitheticalto object-orientedarchitecturethan
the replicationof dimensionalityin eachof the structural
forms.

Anotherdifficulty with theapproachwasthat, to properly
form the dimensionallysensitive functionality, it would
havehadto have beendeclaredin theparameterbaseclass
beforeit would have acquiredmeaningfuldefinition. For
example,the parameterscalardouble classdeclaresand
implementsa GetDoub functionwhich returnstheencap-
sulateddouble value. To be properlyformedasa dimen-
sionally sensitive function, the GetDoub function would
have to bedeclared(andimplementedin a non-functional

manner)in the parameterbaseclassbefore the concept
of scalarsanddoubles hadbeenintroduced.This, again,
seemedantitheticalto object-orienteddesign.

3.3 Tieing of Object Kinds

Anothercommontechniquein situationssuchasthis is to
tie objectsof two foundationalclassestogetherthrougha
pointerandpass-throughfunctionality. Usually, the more
complicatedclassimplementsa pointer to an instanceof
a lesscomplicatedclassand declaresand/or implements
functionalitywhich, in fact, is simply passedon to the in-
stanceof thatlesscomplicatedclass.

In this situation, dimensionalitywould probably be the
lesscomplicatedclassandit would bespecializedthrough
derivationinto lengthdimensionality, massdimensionality,
velocity dimensionality, andthe like. Theparameterclass
wouldbeimplementedwith a pointerto a dimensionalob-
ject (which might benull for thoseparameterkindswhich
do not sustainthe conceptof dimensionality). Thosepa-
rameters(the variousdouble parameterforms) that have
dimensionalitywouldthenrealizeaninstanceof theappro-
priatedimensionalitykind and,asneedarose,let that tied
dimensionalityobjectdo whatit will to thevalueencapsu-
latedby theparameterobject.

As a matterof fact, it wasconsideredthat sucha scheme
wasvery nearlyin placein the form of the units descrip-
tion form of theapplicationobjectlayereddescriptive sys-
tem.Theexistingdescriptive form providesa text annotat-
ing theunitsof thedescribedobjectanda codevalueindi-
catingthe systemof measurementused. (This is, in fact,
where the implementedmeasurementderivational layer
obtainsits measurementsysteminformation.) It would
only benecessaryto furtherspecializethedescriptive form
throughderivationto provide dimensionalconversion(and
any otherdimensionality)functionality.

Theargumentsagainstthischoice,though,arethesameas
before: by makingthe dimensionalityan internalcharac-
teristic, theability to discriminateparametricformsbased
upontheexisting,cohesive objectkind mechanismsis lost
and,to theextentthefunctionalityis desired,it mustbeim-
plementedthroughanew mechanismpeculiarto parameter
objects.
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4 Summary

The derivational specializationof parameterobjects for
PIA hasbeendiscussedandtheinfusionof semanticmean-
ing into the parameteritself illustrated. This infusion of
meaningis a changefrom previous approachesin which
parametersobtainedsemanticmeaningby virtue of their
positionin input/outputstreamsandinternalusagein apro-
gram.

A key benefitof semanticinfusion throughobjectderiva-
tion is that measurementtypesand systemsof measure-
ment can (and do) becomeencapsulatedcharacteristics
of parameterobjects. Parameterobjectscannow ‘know’
whetherthey arein feet or meters,poundsforce or New-
tonsandcan,thus,tailor themselvesthroughconversionto
desiredformsondemand.

References

[1] William HenryJones.ProjectIntegrationArchitecture:
ApplicationArchitecture.Draftpaperavailableoncen-
tral PIA website,March1999.

[2] William HenryJones.ProjectIntegrationArchitecture:
Formulationof Dimensionalityin SemanticParame-
ters. Draft paperavailable on centralPIA web site,
March2000.

[3] William HenryJones.ProjectIntegrationArchitecture:
Inter-Application Propagation of Information. Draft
paperavailable on central PIA web site, December
1999.

6


